Women represent a growing cohort of US neurosurgeons. OBJECTIVE: To describe postresidency fellowship, practice environment, and updated academic rank among female neurosurgeons. METHODS: Databases from the American Association of Neurological Surgeons (AANS) and the American Board of Neurological Surgery (ABNS) from 1964 to 2013 were reviewed for female neurosurgery residency graduates. Data on postresidency fellowships, practice environment (private vs academic), academic rank, board certification, and AANS/CNS (Congress of Neurological Surgeons) Joint Section on Women in Neurosurgery (WINS) membership were collected in 2016. Academic rank was verified from program websites and electronic correspondence. Faculty members were asked to report directorships and tenure. The AANS/CNS Joint Section on Women in Neurosurgery verified WINS membership. RESULTS: A total of 379 female neurosurgery residency graduates were identified in this 50-yr span. Of these, 70% became ABNS certified, and 2.1% left neurosurgery. Twenty-seven percent of women (n = 103) pursued fellowships, with pediatric neurosurgery (33%) the most common. Regarding practice environment, 26% entered academic medicine (n = 91), with 42 at the rank of assistant professor, 33 at the rank of associate professor, and 16 reaching the rank of full professor. CONCLUSION: Upon completion of training, 27% of women pursue fellowships. The distribution of women in private vs academic practice environments is proportionate to male neurosurgeons; however, the number women in academic leadership positions remains exceedingly low, with disproportionate representation in higher academic ranks. Women in national organized neurosurgery are increasing. Tracking the career paths of women in neurosurgery is a necessary step to identifying current achievements and opportunities for future progress.
I
t has been nearly 2 decades since women first became the majority of medical school applicants in the Unites States. 1 Since then, women continue to represent 50% of medical school students. 1 However, the subspecialty choices of women physicians differ from their ABBREVIATIONS: AAMC, American Association of Medical Colleges; AANS, American Association of Neurological Surgeons; ABNS, American Board of Neurological Surgery; CI, confidence interval; CNS, Congress of Neurological Surgeons; CSNS, Council of State Neurosurgical Societies; OR, odds ratio; SNS, Society of Neurological Surgeons; WINS, Women in Neurosurgery male counterparts. Neurosurgery is especially notable in the disproportionate representation of men and women. In 2016, women made up 16 .3% of neurosurgery residents (232/1417 total neurosurgery residents), and represented a disparate 6.1% of board-certified neurosurgeons (259/4178 diplomats; personal communication, American Board of Neurological Surgery [ABNS] ). The recruitment of women into neurosurgery and promotion within academic neurosurgery is vital to mentoring the cohort of talented female medical students and attract them into the field.
The disproportionate trend of the recruitment and retention of women in neurosurgery was recognized in a 2008 white paper calling for regular assessment of women in the field along with milestones for future progress. 2 Obstacles identified included absence of a critical mass of female neurosurgeons in academic medicine, lack of mentoring network for women interested in pursuing neurosurgery, poor exposure to the field during medical school, and concerns regarding gender inequity. 2 Programs identified within the paper addressed mentoring and potential neurosurgery exposure opportunities. Goals for the future proposed by the Women in Neurosurgery (WINS) and espoused by the American Association of Neurological Surgeons (AANS) centered on increasing the number of women in neurosurgery and included that 20% of each class entering neurosurgical residency by 2012 be women. 2 While there has been gradual improvement, that goal has yet to be attained. In the 2016 match, 17% of matched applicants were women (n = 36/212), up from 14% in 2014. 3 Successful recruitment and retention of women in the field also requires understanding of women who are successfully practicing neurosurgery today and their individual career paths, which may serve as templates and testaments. Women in neurosurgery today can help to attract talented women who may have otherwise gone into another specialty, and retain those who are currently training, building a critical mass and fostering the development of increasing neurosurgical mentorship. A description of the current state of women within academic and organized neurosurgery is not well-reported in the literature and is a necessary first step to examining the process of recruitment and promotion into leadership roles, which can help to identify obstacles and have an impact on future recruitment of talented women.
The data herein are the first in the literature to analyze and report on the career paths of women in neurosurgery and the presence of women in position to help shape the field, namely academic and organized neurosurgery. These data will serve as a basis to track the promotion of women in neurosurgery and measure the continued recruitment and retention of women in the field. We specifically report the subspecialty training, practice environment, WINS membership status, and academic rank among the cohort of women neurosurgeons over the past 50 yr, from 1964 to 2013. Additionally, we review the present state of women in neurosurgical leadership, as compared with the status described in 2008. 2 As women enter into academic and organized neurosurgery and rise to leadership positions, they are empowered to recruit, mentor, and promote the best and the brightest trainees for the future.
METHODS
Databases from the AANS and ABNS were obtained with information for all female neurosurgery residency graduates from 1964 to 2013. The data obtained included female neurosurgeons, postresidency fellowship training, practice environment (private vs academic), academic rank, ABNS board certification, and AANS/Congress of Neurological Surgeons (CNS) Joint Section on WINS membership status, all current as of manuscript submission in 2016 for the cohort. The definition of academic medicine was taken from the American Association of Medical Colleges (AAMC), which states that academic medicine refers to the array of organizations that contribute to the education of physicians and biomedical scientists, and that contribute new knowledge through their research programs. Patient care is a third element of mission for many of these organizations. 4 Academic rank was verified using faculty listings from the program websites, and confirmed with electronic correspondence. Women were emailed to confirm veracity of the findings regarding academic institution, academic title (ie, assistant professor, associate professor, professor), as well as any directorships. Professors were asked to report tenure. WINS membership status was verified by administration datasets from the AANS/CNS Joint Section on Women in Neurosurgery. Active membership was defined as current with dues. Statistical analysis was performed using SPSS version 23 (IBM, Armonk, New York). Univariate analysis was performed comparing WINS membership to practice environment and active WINS membership to practice environment using the Chi Square Test for Independence. A P-value ≤ .05 was considered significant.
RESULTS

General Data
Between 1964 and 2013, 379 female neurosurgery graduates were identified and included in the analysis. Thirteen female neurosurgeons in the cohort were not actively practicing neurosurgery (3.4%) at the time of analysis and 3 are deceased. Eight of 379 (2.1%) female neurosurgery graduates chose to pursue careers other than neurosurgery (4 pursued other fields of medicine: plastic surgery, anesthesia, radiology, neurology; 2 pursed law; the remaining 2 careers were unknown).
Fellowship
Following residency training, over a quarter of women (n = 103, 27%) went on to pursue fellowship training ( Figure 1 ). Women pursued fellowship training in all subspecialties, with pediatric neurosurgery the most common (33%) and skull 
Practice Setting
The current practice environment for this cohort of female graduates from 1964 to 2013 could be determined for 349 female neurosurgeons as of May 10, 2016. After training, the majority of women (n = 248, 71%) entered private practice ( Figure 2 ). Fellowship-trained women occupied 1 in every 5 job positions in private practice (n = 53/248, 21%). One-quarter of women entered academic medicine (n = 91, 26%). Fellowship-trained women occupied 1 in every 2 job positions in academic neurosurgery (n = 50/91, 55%). Additionally, 10 women held clinical appointments or affiliations with academic institutions (n = 10, 3%). Of those in academics, most were assistant professors (n = 42, 46%). One in 3 women reached the title of associate professor (n = 33, 36%), and 1 in 6 reached the title of professor (n = 16, 18%). Of the 16 professors, 9 reported to have tenure (3 reported they did not have tenure, and 4 did not respond).
Practice environment was also compared with membership in WINS. Although not statistically significant, there is a trend towards a larger proportion of women in academic neurosurgery holding WINS memberships compared to women in private practice, (academic, n = 76, 67% vs private, n = 138, 56%; P = .083). Seventy percent of all WINS members were active, and there was a similar proportion of academic and private female neurosurgeons who were active WINS members (academic, n = 52, 69% vs private, n = 98, 71%; P = .756).
Leadership
Women reported holding a total of 62 clinical directorship positions. There are currently (as of 2016) 7 female residency 
Board Certification
ABNS board certification was obtained by 70% (269/380) of women in this cohort. The number of board-certified female neurosurgeons is increasing with time as the number of women matching into the field is increasing (Figure 3) . Data from this most recent decade show for the first time in the history of the field more than 100 women became board-certified neurosurgeons.
DISCUSSION
The contribution of women in medicine has been tracked in terms of numbers and achievement. 5, 6 Across multiple disciplines, the proportion of women faculty in academic programs and academic productivity has demonstrated positive growth. 7 Within medicine as a whole, women make up 25% of practicing physicians and 34% of full-time faculty members in medical schools, which has doubled over the past 3 decades. 8, 9 In terms of academic leadership positions within medicine in general, women make up 19% of tenured professors, 17% of full professors, 12% of department chairs, and 11% (14 out of 125) of medical school deans in US academic centers. 10, 11 In the field of general surgery, women make up 15% of faculty physicians and 3 department chairs out of 125 allopathic medical schools, as of 2006. 12 This is compared to neurosurgery where 4% of full professors are women and there is only 1 chairwoman, with another 2 recently appointed interim chairs.
11
A description of the career paths of women in neurosurgery has yet to be published in the literature and to date there are no aggregate data on fellowship training for neurosurgery residents in the US. A significant percentage of female neurosurgeons (27%) went on to complete a subspecialty fellowship. The most common fellowship pursued was pediatric neurosurgery. Since 1992, when the Accreditation Council for Pediatric Neurosurgical Fellowships accredited this fellowship, 262 fellows have completed training, including 31 women (11.8%, excluding Canada). In a 2012 statement from the AANS/ABNS/CNS/SNS to the Institute of Medicine, projections concluded that there are too few pediatric and trauma/emergency care neurosurgeons. Female neurosurgeons entering pediatric neurosurgery are addressing an unmet need. In contrast to the frequency of women pursuing pediatric neurosurgery fellowships, no women reported completing fellowship training in neurotrauma/neurocritical care, which is likely due to the very recent Committee on Advanced Subspecialty Training accreditation of these fellowships, but may be an additional area to recruit and expand in the future. Another function of fellowships is to springboard a career within academic neurosurgery. 10 A 2007 study of neurosurgery career paths of University of California, San Francisco graduates over a 35-yr period concluded pursuit of an academic career to be linked to PGY2 and chief year evaluations, and completing a subspecialty fellowship. 13 Interestingly, our data do not demonstrate a bias for a career in academic neurosurgery after completing a fellowship and may represent a change in perception that tools from training may be applied to various practice environments.
Our data show that approximately 26% of women who completed neurosurgery residency training practice in academic neurosurgery. This mirrors the overall distribution of neurosurgeons in academic practices, as estimated from the 3689 practicing board-certified neurosurgeons per AANS data with 1225 (33%) in academics. 14 The proportion of women and men in academic neurosurgery has also been noted to be equal amongst other investigators. 13, 15 Cohort studies have difficulty in identifying factors predictive of a career within academic neurosurgery, but published factors include resident evaluations, fellowship training, number of total/first author publications, and program size. Another potential association gleaned from our data is that membership in the AANS/CNS Joint Section on WINS, a national leadership organization, trended (though not statistically significant) with a career in academic neurosurgery. While interesting, this trend may be an artifact due to higher national meeting attendance (and involvement) of those in academics.
The 2012 15 These data, combined with findings herein, outline the disproportionate representation of females within the rank of assistant professor (n = 42) as compared to more senior positions (associate professor, n = 33; and full professor, n = 16). This has been attributed in part to the overall younger age of females in neurosurgery, as many are recent graduates from their respective training programs, with potential to change in years to come. Nevertheless, women make up 4% of full professors in neurosurgery, second to the lowest percentage of female professors in orthopedic surgery, at 1%. 11 Women attaining full professor are highest in the fields of public health/preventative medicine (23%), family medicine (18%), and pediatrics (19%). An alternative explanation to the overall younger age of females in neurosurgery is the glass-ceiling concept, in which women are slower to be promoted when matched against equally achieving male peers. 10 An interesting future direction of study is not only to quantify the number of women in the different academic ranks in neurosurgery, but also to describe the time it takes for women to be promoted compared to their male counterparts. The rate of promotion has been published for women in medicine as a whole. In 1995, a survey sent to 1941 physician faculty of US medical schools found 59% of women and 83% of men achieved associate or full professor rank with a mean of 11 yr faculty experience. 5 Women were less likely to be associate or full professors (adjusted odds ratio [OR] = 0.37; 95% confidence interval [CI], 0.21 to 0.66) despite also controlling for productivity factors. 5 In the 2012 AAMC report "Women in U.S. Academic Medicine and Science: Statistics and Benchmarking Report," women represented 37% of promotions to associate professor and 31% of promotions to full professor in 2011. 16 Tenure is another metric used to judge promotion within academics. Interestingly, tenure may not be a reliable marker of performance evaluation, as neurosurgery departments may not offer tenure as regularly as, for example, basic science departments.
Literature exploring the productivity of women in neurosurgery found no difference in h-index when matched with male neurosurgeons of the same academic rank. 14, 15 Women are also NEUROSURGERY VOLUME 82 | NUMBER 4 | APRIL 2018 | 579 equally successful in rates of NIH funding. 17, 18 Additionally, as women in the field age, it is important to consider longterm analysis of productivity over an individual's career, which in internal medicine actually shows that women are more productive than men in their later years. 19, 20 Board certification is a voluntary process following completion of a neurosurgical residency and passing the written primary examination. ABNS board certification was obtained by 70% (269/380) of women in the cohort and appears to be increasing with time. For comparison, a 2015 study reported that 63% (92/146) of women matched into neurosurgery residency during the 1990s obtained board certification, compared to 81.3% (989/1215) of their male counterparts. 21 The overall rate of board certification was 79.4% (n = 1081) for individuals matching into neurosurgery residency in the 1990s.
Performance evaluation beyond academic title/board certification demonstrates women in academic neurosurgery are rising to leadership. Three women are vice-chairs of their department with 1 woman neurosurgery chair, and 2 recently appointed interim chairwomen. Seven of 106 (6.6%) allopathic neurosurgery program directors are currently women. Many women also hold departmental and clinical directorship positions, leading subspecialization programs in addition to resident/fellow programs, which position them to mentor and to improve recruitment of future trainees. Women also engage in extramural leadership, holding positions on editorial boards and within national organized neurosurgery including AANS/CNS joint section chairs, officers, and executive board members. In comparison to the state of leadership within organized neurosurgery in 2008, 2 women are rising within the ranks of many of these key organizations, which is critically important in promoting mentorship. The CSNS has particularly mentored and developed female leaders, with 32% of the Executive Committee comprising women and with 2 female chairs. Women currently make up 19.3% of the AANS 2016 to 2017 Board of Directors. Though no female neurosurgeon has yet been president of the AANS, CNS, or SNS, or chair of the ABNS, the first female has been nominated to president-elect of the AANS, and there is now attention to and increased representation of women on the SNS, ABNS (with the advent of ABNS scholars), and the Residency Review Committee.
For the future of women in neurosurgery, the achievements of the female neurosurgery cohort matters, as women provide unique contributions to the field. Mentorship has been cited consistently as an important factor in the recruitment and development for future neurosurgery residents. 22, 23 While still a minority of neurosurgeons in training, females represent 50% of medical students and their recruitment and retention in neurosurgery is vital to ensuring its bright future. Female leaders emphasize teamwork by empowering other members and taking great personal interest in them. 24 Women with mentors report more publications, more time spent on research, and an overall higher career satisfaction. 22 Additionally, several studies have demonstrated female patients experience higher rates of satisfaction when a female physician delivers their care. [25] [26] [27] Patients spoke more, made more positive statements, and disclosed more biomedical/psychosocial information to female physicians than to male physicians. 28 This is powerful in the context of a study which found neurosurgery to have low empathy scores among medical specialties, just above orthopedic surgery and anesthesiology. 29 Female surgeons may be well equipped to address the recognized importance of patient advocacy and communication.
Neurosurgery leadership organizations predict that the field will continue to expand with time and the recruitment and retention of women in neurosurgery will be essential to the field's growth. In a 2012 statement from the AANS/ABNS/CNS/SNS to the Institute of Medicine, relevant concerns regarding the future of neurosurgery include an aging neurosurgical workforce with 46% of surgeons over 55 yr of age and an unprecedented rate of early retirement. 30, 31 The ratio of neurosurgeons to the population is 1:61 000, which is feared to be insufficient given the aging baby boomer generation with anticipated increasing rates of stroke, degenerative spine disease, and Parkinson's Disease. 30 Annually, 160 neurosurgery residents graduate and there are 305 job openings, which would take at least 2 yr to fill all these vacancies. 30 As the number of women in medicine continues to rise, (48% of matriculated US medical students in 2016), 32 they represent an important component to the future of the discipline given the needed expansion of the neurosurgical workforce.
CONCLUSION
The data reported in this study highlights the progress and ongoing challenges for recruiting and advancing women in neurosurgery today and the growing role for women in neurosurgery in the future. There still remains significant opportunity for improvement in harnessing this workforce to attract and match the best applicants, reduce attrition, 3 increase representation within academic neurosurgery, and achieve equitable leadership positions. While women appear to be entering academic neurosurgery in proportion to male counterparts, women remain under-represented in neurosurgery residency positions and in academic neurosurgery faculty positions, with increasing gender disparity associated with higher academic rank. In order for neurosurgery to continue to attract the best and the brightest surgeons, women must continue to train in neurosurgery, enter academic and organized neurosurgery, and rise to leadership positions to impact the future recruitment of women. Organized neurosurgery has been proactive in recognizing these challenges, including the importance of tracking the career paths of women in neurosurgery and building on current achievements.
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